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ABSTRACT
Five batches of pyrolytic-carbon coated uranium carbide particles were exposed to partial pressures of water vapor ranging from 20 to 635 mm Hg at temperatures of 700 to ll00°C. All batches of coated particles were prepared by Minnesota Mining and Manufacturing Company, had laminar type of coating, and contained cores consisting principally of uranium dicarbide. The rate of reaction of the pyrolytic-carbon coatings with water vapor was determined,from weight losses. The extent of failure of the coatings during exposure was established by microscopic examination and leaching of the particles with 8M HN0 3 • Differences in the protectiveness of coatings present on the various batches of particles are attributable, at least in part, to two types of attack by water vapor, a localized or pitting type and a more general type. Rapid failure of the coatings is indicated at 1100°C. The coatings on some batches of particles remained protective at temperatures of 800 to l000°C.
I. INTRODUCTION
The feasibility of producing practical fuel elements containing particles of UCz coated with pyrolytically deposited carbon has been enhanced by improvements in the vapor deposition techniques. The availability of such fuel elements will assist in the development of gas-cooled reactors having cores which contain only ceramic material of high-temperature stability. Anticipated advantages arising from the application of such materials include high coolant temperatures, high burnups, and retention of fission products.
Oxidizing gases, however, would react with the pyrolytic-carbon coating of the fuel particle as well as with the graphite or any other form of carbonaceous material used to support the coated particles in the fuel body. The inleakage of steam following a steam generator failure is of particul·ar concern, since a rapid reaction with the hot fuel body would occur.
This could lead to a mechanical failure of the fuel body and/ or a failure of the pyrolytic-carbon coatings on the fuel particles. The latter would result in a release of fission products into the main coolant stream. The H 2 and CO produced by the steam-carbon reaction would entail an additional hazard. Microscopic examinations of the coated particles were made afterthe exposure to H 2 0 and a HN0 3 leach.
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III. RESULTS AND DISCUSSION

A. Reactivity of 3M-D and 3M-F Coated Particles
The results of the experiments using coated particles from batches 3M-D and 3M-F are given in Table 2 . These results show that the loss in weight of the coated particles was greater in all cases for batch 3M-D than for batch 3M-F.
On the other hand, after the test exposures more uranium was showed that the reaction rate was extremely low at this temperature suggesting that prolonged exposure would be required to cause damage to the.coatings at tempe~atures of 700°C or below.
The data in Table 3 indicate that batch 3M-113 particles were more susceptible to damage than batch 3M-114 particles. at a higher partial pressure of H 2 0. These latter conditions resulted in removal of 39% of the coating, but the remainder still afforded considerable protection to the cores. In several cases most of the coating was removed but no :path was opened to the core. Generalized attack on coated particles from batch 3M-114 probably accounts for the protection afforded these particles even after substantial amounts of the coating were removed.
C. Reactivity of 3M-117 Coated Particles
Data obtainid for coated particles from batch 3M-117 are listed in Table. were made at very low burnof fs where the reaction rate would be expected to change most rapidly.
The coatings on 3M-117 particles appear to be somewhat less protective than those on 3M-114 particles, but afford much better protection than was observed for 3M-113 particles.
Photomicrographs shown in Fig. 12 indicate that the mode of attack was predominantly a cracking and peeling type. There is some evidence, however, that a limited amount of the pitting type of attack also occurred.
The single experiment run at 1100°C resulted in a large removal of carbon and a high incidence of failure of the coatings. Figure 13a shows a photomicrograph of the 3M-117 particles after exposure to steam. The residual uranium oxide from the cores is evident. Figure 13b Note range of coating thicknesses. lOOX. lOOX. a. Exposed at 800°C. b. Exposed at l000°C. Note range of coating thicknesses. lOOX.
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